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(57)Abstract 

PROBLEM TO BE SOLVED: To eliminate the need of field- 
weakening control. 

SOLUTION: Based on the torque command and the r.p.m. of a 
motor, a motor terminal voltage or an IP M( intelligent power module) 
input voltage V required for realizing a target operating point is 
calculated (202). When the voltage V is lower than the battery 
voltage VB (204), a booster circuit is inserted between a battery 
and the IP M and after the battery voltage VB is boosted to a level 
VI(>V), the boosted voltage is applied between DC terminals of the 
IPM. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the need of field-weakening 
control. 

SOLUTION: Based on the torque command and the r.p.m. of a motor, a 
motor terminal voltage or an IPM(intelligent power module) input 
voltage V required for realizing a target operating point is calculated 
(202). When the voltage V is lower than the battery voltage VB (204), a 
booster circuit is inserted between a battery and the IPM and after the 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the drive control unit which controls the permanent-magnet type synchronous motor concerned using the power converter 
which is connected with a dc-battery between permanent-magnet type synchronous motors, and changes battery voltage into a motor 
current The booster circuit which carries out the pressure up of the above-mentioned battery voltage according to a command in 
advance of supply to the above-mentioned power converter, When judged with not belonging with a judgment means to judge based 
on the detection value of the above-mentioned battery voltage, and a judgment means, whether the target operating point of the above- 
mentioned permanent-magnet type synchronous motor belongs to the output possible field The drive control unit characterized by 
having a means to extend the above-mentioned output possible field so that the target operating point concerned may belong by 
ordering the above-mentioned booster circuit according to the location of the above-mentioned target operating point. 
[Claim 2] The drive control unit characterized by the above-mentioned booster circuit being automatically bypassed by the above- 
mentioned autonomous mold gate component while it has the autonomous mold gate component which embraces the electrical- 
potential-difference difference before and behind the booster circuit concerned, and forms / intercepts the flow path which does not 
mind the above-mentioned booster circuit between the above-mentioned dc-battery and the above-mentioned power converter in a 
drive control unit according to claim 1 and the pressure up is not performed. 

[Claim 3] The drive control device carry out having the good control mold gate component which responds to a command, and forms / 
intercepts the flow path which does not mind the above-mentioned booster circuit between the above-mentioned dc-battery and the 
above-mentioned power converter in a drive control device according to claim 1 , and a means give a command and make the above- 
mentioned flow path form in the above-mentioned good control mold gate component compulsorily when it belongs to the above- 
mentioned target operating point's regeneration side as the description. 

[Claim 4] The passive element in which the above-mentioned booster circuit accumulates the energy which discharges from the 
above-mentioned dc-battery in a drive control device according to claim 1, The active element which makes change connection of the 
above-mentioned passive element at the forward side of the above-mentioned power converter, and a negative side input terminal 
according to a command, ***♦, and the above-mentioned drive control unit responds to the result of the judgment in a judgment 
means, and the location of the target operating point concerned, when the above-mentioned target operating point belongs to the power 
running side. Moreover, the drive control unit characterized by having a means to order the above-mentioned active element so that 
the current path which minded the above-mentioned passive element when the target operating point concerned belongs to the 
regeneration side, and/or when putting the above-mentioned permanent-magnet type synchronous motor into operation may be formed 
between the above-mentioned dc-battery and the above-mentioned power converter. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the drive control unit which controls a permanent-magnet type synchronous motor (it 

is called PM motor below). 

[0002] 

[Description of the Prior Art] From the car drive motor of an electric vehicle, the miniaturization is demanded strongly. Since field 
magnetomotive force is large, therefore the miniaturization is easy for PM motor which is a motor using the permanent magnet as a 
generating means of an excitation bundle compared with the motor of other classes per unit volume, the various proposals of the 
electric vehicle which used PM motor as the car drive motor are made until now. 

[0003] From the car drive motor of an electric vehicle, it is also requested that a large speed range (engine-speed range) can be covered 
in coincidence. The field- weaking control which is a part of vector control has been used as the technique of responding to this request 
until now. It is the approach vector control carries out another **** target control of the motor current IM here at the torque current 
component Id and the field current component Iq. Iq is a component which generates torque (magnet torque) by the linkage with the 
excitation bundle acquired by main magnetic flux, i.e., a permanent magnet, among these components. Moreover, Id is a component 
which generates the excitation bundle which assists main magnetic flux partially or negates it, and when a saliency is in a motor, it 
generates the torque (reluctance torque) to which Id is also proportional to Id-Iq. If it is going to extend the speed range of a motor 
(i.e., if it is going to extend more the field of a motor which can be operated to the field of high-speed rotation), the electromotive 
force which arises in speed-electromotive-force omega-E 0 E0, i.e., main magnetic flux, and is proportional to the angular rate of 
rotation omega of a motor will become a cause, generally the terminal voltage of a motor will rise according to the rise of the number 
N of rotations, and it will exceed the value which is often equivalent to supply voltage slack battery voltage VB. The technique (refer 
to drawing 6 ) of making generate the excitation bundle of the direction which negates E0 by control of Id, in order to prevent this, and 
usually extending the field of a motor which can be operated to the field weakening field by the side of high rotation rather than a field 
field is the field-weaking control of upper **, and a high-speed rotation field can be comparatively covered also by the motor of the 
Koide force by performing this. In addition, although there is also a mode by the absolute value and the torque angle in vector control, 
since it is equivalent to the mode by Id and Iq, it does not distinguish by the following explanation. 

[0004] While there is such an advantage, there is also a side face of degradation in field-weaking control. For example, if there is too 
much Id (it is also hereafter called a field weakening current) when performing field-weaking control, when Id which is the current 
component which contributes or is hard to contribute to torque generating increases, loss will increase. On the contrary, if there are too 
few field weakening currents, it will become achievement of the purpose of field weakening original with trouble. That is, stress joins 
the power converter formed between the power-source slack dc-battery and the slack motor for a drive for the motor output control, 
and also the trouble of it becoming impossible to output required Iq etc. is produced. As an approach of easing these, the applicant for 
this patent has proposed previously the approach of changing the value of a field weakening current according to VB (refer to JP,7- 
1 07772,A). According to this approach, in relation with the electrical potential difference of a dc-battery, or a charge condition, the 
minimization optimization of the loss generated in field-weaking control can be carried out. 
[0005] 

[Problem(s) to be Solved by the Invention] However, as long as field-weaking control is being performed, neither generating of loss 
resulting from a field weakening current nor the decline in the system efficiency by this can be lost. One of the purposes of this 
invention is by newly adopting the means of the pressure up of battery voltage to make field-weaking control unnecessary, as a result 
realize an improvement of system efficiency. One of the purposes of this invention is by performing pressure-up control according to 
the location of the target operating point of PM motor to carry out the maintenance reservation of the speed range which can operate 
PM motor conventionally and more than comparable. When battery voltage is low, by being made not to perform a pressure up, one of 
the purposes of this invention controls generating of the loss in a booster circuit, and it is to improve system efficiency further. One of 
the purposes of this invention is by offering a means to bypass a booster circuit autonomously to realize the system automated more. 
By offering a means to bypass a booster circuit compulsorily, one of the purposes of this invention is to enable it to bypass a booster 
circuit, when need, such as regenerative braking, arises. One of the purposes of this invention is to enable it to abolish an inrush 
prevention circuit by use of a booster circuit. 
[0006] 

[Means for Solving the Problem] In the drive control unit which controls the PM motor concerned using the power converter which 
this invention is connected with a dc-battery between PM motors, and changes VB into IM in order to attain such a purpose The 
booster circuit which carries out the pressure up of the above VB according to a command in advance of supply to the above- 
mentioned power converter, When judged with not belonging with a judgment means to judge based on the detection value of Above 
VB, and a judgment means, whether the target operating point of the above-mentioned PM motor belongs to the output possible field 
By ordering the above-mentioned booster circuit according to the location of the above-mentioned target operating point, it is 
characterized by having a means to extend the above-mentioned output possible field so that the target operating point concerned may 
belong. In this configuration, when the target operating point of PM motor is located in a high rotation side rather than the output 
possible field under current VB for example, the pressure up of the VB is carried out so that this target operating point may be 
contained to an output possible field. Thus, in the technique of this invention which does not cause generating thru/or increase of Id, it 
becomes possible to lose generating of loss resulting from Id, and decline in the system efficiency by this. Moreover, in respect of the 
escape of a power running possible field, since the technique of this invention has the same character as field-weaking control, it can 
carry out the maintenance reservation of the speed range which can operate PM motor conventionally and more than comparable. 
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[0007] This invention is not limited to the configuration which always uses a booster circuit. For example, by preparing the 
autonomous mold gate component (for example, diode) which embraces the electrical-potential-difference difference before and 
behind a booster circuit, and forms / intercepts the flow path which does not mind a booster circuit between a dc-battery and a power 
converter, while not performing the pressure up, a booster circuit can be bypassed with an autonomous mold gate component. That is, 
generating of the loss in a booster circuit can be controlled and system efficiency can be further improved because it is made not to 
perform a pressure up when VB is low. Moreover, since this shunt/cutoff are performed autonomously, i.e., automatically, by the 
autonomous mold gate component, the control unit or procedure for it is unnecessary. Or a bypass becomes possible about a booster 
circuit if needed [, such as regenerative braking, ] by establishing the good control mold gate component (for example, thyristor) 
which responds to a command, and forms / intercepts the flow path which does not mind a booster circuit between a dc-battery and a 
power converter, and a means give a command to a good control mold gate component, and make the above-mentioned flow path form 
compulsorily when the target operating point belongs to the regeneration side. 

[0008] This invention is not limited to the configuration which uses a booster circuit only for a pressure up. For example, the passive 
element which accumulates the energy which discharges from a dc-battery as a booster circuit (pressure-up reactor etc.), If the circuit 
which has the active elements (transistor etc.) which make change connection of this passive element at the forward side of a power 
converter and a negative side input terminal is used according to a command The circuit which prevents the current which can use 
these components for the path formation at the time of regeneration, and is produced by the inrush prevention circuit, i.e., the charge of 
a smoothing capacitor generally established between power converter direct-current terminals, can be abolished using these 
components. What is necessary is just to make it order the above-mentioned active element so that the current path through the above- 
mentioned passive element may be formed between the above-mentioned dc-battery and the above-mentioned power converter, when 
the target operating point belongs to the power running side at it and the target operating point concerned belongs to the regeneration 
side, corresponding to the result of the judgment in a judgment means, and the location of the target operating point concerned, and/or 
when putting the above-mentioned permanent-magnet type synchronous motor into operation. 
[0009] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of this invention is explained based on a drawing. 
[0010] The system configuration of the electric vehicle built over 1 operation gestalt of this invention at drawing 1 is shown. In this 
operation gestalt, the three phase PM motor 1 0 is used as a car drive motor. The drive power of a motor 1 0 is supplied through the 
intelligent power module (IPM) 14 from a dc-battery 12. That is, after smooth [ of the discharge output of a dc-battery 12 ] is carried 
out in smoothing capacitor C, it is changed into the three-phase alternating current from a direct current in IPM 14, and the currents iu, 
iv, and iw acquired as a result are supplied to each phase winding of a motor 10. Moreover, the output torque of a motor 10 is 
controlled by the controller 16. That is, a controller generates a switching signal according to the number of rotations of the motor 10 
detected by the rotation sensors 1 8, such as a resolver, (or Rota angular position), corresponding to actuation of the accelerator by the 
car pilot, a brake, a shift, etc., and, thereby, controls the switching pattern of the switching element which constitutes IPM 14. The 
output torque of a motor 10 can be made into the torque according to accelerator actuation of a car pilot etc. by performing such 
control. In this control, each phase currents iu, iv, and iw of a motor 10 are detected by the current sensors 20u, 20v, and 20w prepared 
corresponding to each coil of a motor 10, and it is fed back to a controller 16. 

[001 1] Moreover, between a dc-battery 12 and IPM 14, the booster circuit 24 is established in the inrush prevention circuit 22, Diode 
Df, and a thyristor Dr list. Among these, the inrush prevention circuit 22 is a circuit for controlling thru/or preventing the rush current 
which flows by charge of smoothing capacitor C immediately after connecting a dc-battery 12 to IPM 14, and consists of two switches 
SW1 and SW2 switch on / switch off according to actuation of ignition (IG) and by which parallel connection was carried out, and 
resistance Rs by which series connection was carried out to the list at the switch SW2. Moreover, the booster circuit 24 is making a 
part of description of this invention, carries out the pressure up of the terminal voltage VB of a dc-battery 12 to the high electrical 
potential difference VI by the bottom of control of a controller 16, and impresses it between the direct-current terminals of IPM 14. 
Diode Df is a means to bypass this booster circuit 24, when the big potential difference has not occurred between the input edge of a 
booster circuit 24, and an outgoing end (i.e., when the booster circuit 24 is not performing pressure-up actuation). Thyristor Dr 
generates the current path of hard flow by the signal supplied from a controller 16 with a turn-on / the direction of a current which 
turns off and becomes settled with Diode Df. In addition, the voltage sensor for detecting VB and VI is shown by the signs 25 and 26 
in drawing, respectively. Moreover, the end shows the configuration equipped with the pressure-up reactor L to which the other end 
was connected to the diodes Dl and D2 by which antiparallel connection was carried out to two transistors Trl and Tr2 by which the 
forward direction series connection was carried out between the direct-current terminals of IPM 14, and these transistors as an example 
configuration of a booster circuit 24, and a list at the dc-battery 12 side again at the node of transistors Trl and Tr2. 
[0012] The principle of a speed-range escape of the motor 10 in this operation gestalt is shown in drawing 2 . The field expressed as a 
field A in this drawing is equivalent to the field usually expressed as a field field in drawing 6 . The output possible field of a motor 1 0 
was extended to the property shown by the drawing 2 solid line, i.e., the field shown as a field weakening field in drawing 6 , by 
conventionally increasing the field weakening current Id according to the rise of the motor rotational frequency N. On the other hand, 
in this operation gestalt, the output possible field of a motor 10 is extended by control of a booster circuit 24 ** [ according to / control 
of Id ]. That is, a booster circuit 24 raises a pressure-up ratio so that the output [ of a motor 10 ] possible field may spread like — from 
C to D further from B to C from Field A to B in this operation gestalt, for example, when located in a high rotation side rather than the 
field which the current target operating point (T, N) can realize in current VB or VI, and VI is raised. Moreover, since control of Id is 
not participating in the output possible field thru/or speed-range escape by this principle, unlike the conventional field-weaking 
control, system efficiency is not spoiled by such cause. 

[0013] In order to realize such a principle to drawing 3 and drawing 4 , an example of the procedure performed by the controller 16 is 
shown. First, as shown in drawing 3 , after a controller 16 makes the switch SW2 of the inrush prevention circuit 22 turn on 
immediately after IG ON and time amount passes for a while after that, a switch SW1 is made to turn on (100). That is, when it can 
consider that smoothing capacitor C was charged by having considered resistance Rs as charge resistance, and smoothing capacitor C 
was charged enough after that for a while immediately after IG ON, SW1 is made to turn on and the both ends of Resistance Rs are 
short-circuited. Then, actuation of a controller 16 shifts to a series of repeat procedures for the output torque control of a motor 10. 
[0014] Facing controlling the output torque of a motor 10, a controller 16 inputs a signal from each part of a car first (102). For 
example, accelerator opening, brake treading strength, the position of a shift lever, the motor engine speed N, the motor currents iu, iv, 
and iw, battery voltage VB, the IPM input voltage VI, etc. are inputted. Then, a controller 1 6 is based on information, such as 
accelerator opening, brake treading strength, a shift position, and the motor rotational frequency N, and is torque command T*. That 
is, the desired value of the torque which should be made to output from a motor 10 is determined (104). A controller 16 is torque 
command T* which carried out in this way and was determined. It opts for a current command (Id* and Iq*) so that it may be based 
and the system efficiency of a motor 10 may become max. Id[ among the current commands said here ] * It is the command about the 
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field current component Id, and is Iq*. It is the command about the torque current component Iq. IPM14 after using the current 
command (Id* and Iq*) for which carried out the controller 16 in this way, and it opted and adjusting IPM input voltage VI (108) — in 
addition to this, a signal is outputted (110). That is, the signal which shows a switching pattern to IPM 14 is outputted so that the 
currents iu, iv, and iw according to a current command (Id* and Iq*) may flow, and it is torque command T*. When it belongs to the 
regeneration field (field in [ T< 0 ] drawing 2 ), the command of a purport which carries out a turn-on to Thyristor Dr is given. Above, 
actuation of steps 102-1 10 is repeated until IG is turned off by the car pilot (112). If IG is turned off, a controller 16 will make 
switches SW1 and SW2 turn off (114), and will cut off supply of the power from a dc-battery 12 to a motor 10. 
[0015] Adjustment of the IPM input voltage shown in step 108 is performed in a procedure as shown in drawing 4 . That is, a 
controller 16 is the following formula [several 1]. 

Vd=<R+pLd) andld* - Omega-Lq-Iq* Vq= Omega-Ld-Id *+ (R+pLq) and Iq*+ omega-E 0 however the resistance Ld of R:motor 
winding, d shaft of Lq:motor winding, the q shaft inductance omegarmotor electrical-angle rate E0: Speed electromotive force 
(electromotive force by the permanent magnet) 

p: a differential operator - following (Vd* and Vq*) — compute (200). Or it replaces with this and is the following formula [several 
2]. 

Vd=Kp-delta Id+Ki, integraldelta Id-omega-Lq-IqVq=Kp-delta Iq+Ki and integraldelta Iq+omega-Ld-Id+omega E0, however 
deltald=ld*-lddeltalq=lq *-Iq - following (Vd* and Vq*) - you may ask. thus, it obtains - having had (Vd* and Vq*) - torque 
command T* The electrical potential difference required to realize [ realizing or ] a current command (Id* and Iq*) is expressed. A 
controller 16 is the following formula [several 3] further. V=k (Vd2+Vq2), 1/2, however k: Ask for an electrical potential difference V 
according to the multiplier for converting motor terminal voltage into IPM input voltage. Thus, the electrical potential difference V 
obtained converts the target operating point of a motor 10, i.e., (T*, N), the terminal voltage of the motor 10 required to realize, into 
the value by the side of the direct-current terminal of IPM 14. a ******[ that, as for the controller 16, this electrical potential 
difference V has exceeded VB ] (204) - and it judges whether it has exceeded VI (206). When the conditions of V>VB are not 
satisfied among these criteria, since it can consider that the target operating point (T*, N) is realizable when it is impressed by IPM 14 
as VI through Diode Df, a controller 16 shifts current battery voltage VB to step 1 10 nothing [ almost remaining as it is, i.e., the 
pressure up by the booster circuit 24, ]. Moreover, since V>VI will also surely be realized if the booster circuit 24 has not started the 
actuation then when the conditions of V>VB are satisfied, actuation of a controller 16 shifts to command actuation of the pressure-up 
ratio to a step 208 24, i.e., a booster circuit. In step 208, a controller 16 starts the actuation which controls transistors Trl and Tr2 so 
that VI which fills V<VI may be obtained. Furthermore, also after the pressure-up actuation by the booster circuit 24 starts, the 
conditions of V>VI may be satisfied with lack of a pressure-up ratio, and step 208 is performed also in this case (206). 
[0016] The above control procedures have realized reservation of the power running possible field (especially speed range) by the 
principle shown in drawing 2 , and an improvement of motor system efficiency in this operation gestalt. 

[0017] The system configuration of the electric vehicle built over the 2nd operation gestalt of this invention at drawing 5 is shown. In 
this operation gestalt, it replaces with the inrush prevention circuit 22, and the switch SW for making change connection of the dc- 
battery 12 at an IPM14 and booster circuit 24 side is used, and Diode Df and Thyristor Dr are abolished. Moreover, in connection with 
this, modification has occurred also for the procedure of actuation of a controller 16. 

[0018] First, although time difference ON control of switches SW1 and SW2 was performed in step 100 of drawing 3 in the above- 
mentioned operation gestalt, in an operation gestalt, in step 100, Switch SW is first moved to ** position, and a dc-battery 12 is 
connected to a booster circuit 24. The pressure-up reactor L is built in the booster circuit 24 as mentioned above. By making the upper 
transistor Trl rum on and making the lower transistor Tr2 turn off, the controller 16 formed the condition that the dc-battery 12 was 
connected to the IPM 14 side through the pressure-up reactor L, and has attained the same function as the inrush prevention circuit 22 
in the 1 st operation gestalt by charging smoothing capacitor C through the pressure-up reactor L. 

[0019] Moreover, a controller 16 moves Switch SW to ** position, after the time amount of extent which can be regarded as 
smoothing capacitor C having been charged enough passes, and it connects a dc-battery 12 to the IPM 14 side. After this, like the 
above-mentioned 1st operation gestalt, the procedure concerning steps 102-1 10 is repeatedly performed until a car pilot rums off IG. 
However, torque command T* When it belongs to the regeneration field, it replaces with the control which carries out the turn-on of 
the thyristor Dr, and control which makes a transistor Trl turn on and makes a transistor Tr2 turn off is performed. Since the current 
path through the pressure-up reactor L is formed like immediately after IG ON of such control, it becomes possible to revive braking 
energy to a dc-battery 12. Moreover, it is also possible to revive without pushing down switch ** and minding the pressure-up reactor 
L as a means to revive braking energy. Moreover, after IG is turned off, a controller 16 moves Switch SW to **, and separates a dc- 
battery 12 also from a booster circuit 24 also from IPM 14. 

[0020] Also with such a configuration and a procedure as well as the above-mentioned 1st operation gestalt, the output possible field 
of a motor 10 can be extended, and system efficiency can be improved. Furthermore, an inrush prevention circuit and others can be 
abolished with this operation gestalt. 
[0021] 

[Effect of the Invention] According to this invention, when the target operating point of PM motor does not belong to the output 
possible field, the pressure up of the VB is carried out according to the location of the target operating point concerned, a power 
converter is supplied, and abolition ****** of field-weaking control can realize an improvement of system efficiency, carrying out the 
maintenance reservation of the speed range which can operate PM motor conventionally and more than comparable, since this 
extended the output possible field of PM motor so that the target operating point concerned might belong. By preparing an 
autonomous mold gate component especially, generating of the loss in a booster circuit can be controlled and system efficiency can be 
further improved without the control unit for it, or a procedure. Moreover, a booster circuit can be bypassed by establishing a good 
control mold gate component and its control means if needed [, such as regenerative braking, ]. And passive elements, such as a 
pressure-up reactor, can be used for path formation of amendment, and the charge of a smoothing capacitor generally established 
between power converter direct-current terminals, and, thereby, the simplification of circuits, such as abolition of an inrush prevention 
circuit, can be attained. 
[0022] 

[Supplement] Although this invention was expressed as invention concerning a "drive control unit" in the above explanation, this 
invention can be expressed also as the "drive control approach", a "driving gear", the "drive approach", "power supply", the "electric 
power supply approach", etc. Furthermore, although the application to a pure electric vehicle was assumed, this invention is applicable 
to various kinds of applications regardless of the exception of industrial use and a noncommercial use besides being electric rolling 
stock, the so-called hybrid car, etc. Moreover, a controlled-system slack permanent-magnet type synchronous motor is not limited to a 
three-phase-alternating-current motor, and does not ask the use existence of reluctance torque, either. 

[0023] furthermore, the configuration which performs not control (torque control) of an output torque but control (speed control) of a 
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rotational frequency although it explained on the assumption that the configuration which carries out open loop control of the output 
torque of a motor based on a rotational frequency detection value — moreover, this invention is applicable also to the configuration 
which controls not based on a rotational frequency detection value but based on rotational frequency estimate further also in the 
configuration which performs not open loop control but closed loop control. In addition, although the operating point of a motor was 
expressed chiefly in torque rotational frequency space, as long as motor electrical-potential-difference current space etc. can express 
the output of a motor, it may be based on the space of other classes. 

[0024] Moreover, although the example adjusted so that the pressure up of this may be carried out and it may exceed back EMF of a 
motor was described when battery voltage was low, you may make it lower the pressure conversely in the field (part) where battery 
voltage is high. Moreover, it may be made to carry out although the example which does not perform **(*♦)** at the time of 
regeneration was shown. In that case, the switching element in IPM etc. can be used. In the concrete configuration of** (**) ****** y 
various deformation is possible. Furthermore, when using the circuit which has the function of both step-down and step-up, 
components, such as a switch for bypassing a booster circuit, diode, and a thyristor, can be abolished. Moreover, although the parallel 
circuit of diode and a thyristor is used with the above-mentioned 1 st operation gestalt, it may replace with this and components, such 
as a bidirectional thyristor, may be used. Although the detail was omitted about actuation of a booster circuit, the actuation concerned 
is common knowledge at this contractor. 

[0025] In addition, about deformation of an above-mentioned operation gestalt and the thing of the meaning stated especially in this 
column, if it is this contractor, based on the indication of this application, it can perform easily. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the system configuration of the electric vehicle concerning the 1st operation gestalt of this 
invention. 

[Drawing 2] It is the torque rotational frequency space diagram showing the principle of the output possible field escape in this 
operation gestalt, and system improvement in efficiency. 

[Drawing 3] It is the flow chart which shows the flow of actuation of the controller in this operation gestalt. 
[Drawing 4] It is the flow chart which shows the flow of actuation of the controller in this operation gestalt. 

[Drawing 5] It is the block diagram showing the system configuration of the electric vehicle concerning the 2nd operation gestalt of 
this invention. 

[Drawing 6] It is a torque rotational frequency space diagram for explaining the conventional field-weaking control. 
[Description of Notations] 

10 A motor, 12 A dc-battery, 14 IPM, 16 A controller, 1 8 resolvers, 24 25 A booster circuit, 26 A voltage sensor, Df Diode, Dr 
thyristor, L A pressure-up reactor, Trl , Tr2 The transistor for pressure ups, SW A switch, C Smoothing capacitor. 



[Translation done.] 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 5] 
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